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INTRODUCTION
Traditionally, corn and soybean meal are the main components of poultry diets. Seeking to reduce feed costs and to comply with public and environmental demands, alternative feeds have been studied to identify their best cost-benefit ratio. In this context, rice byproducts have proven to be an interesting option.
Rice bran (RB) corresponds to 8% of the volume of the grain and contains adequate amount of nutrients. However, its use is limited by its high oil content, which is approximately 18% (Van Hoed et al., 2006; Krishna & Chandrasekaran, 2012) . Defatted rice bran (DRB) is the result of the extraction of the oil from the RB, and because it is less susceptible to rancidity, it may be stored for longer periods (Chae et al., 2002) . Rice bran can be included in animal diets; however, its anti-nutritional factors may limit its use. These include non-starch polysaccharides (NSP), which in large amounts affect animal performance by increasing the viscosity of the bolus and reducing digestibility. In RB, arabinoxylans comprise the largest fraction of NSP (Conte et al., 2002) . Another problem of RB use is its high content of phytic acid, which renders P unavailable in addition of impairing protein and starch digestion (Oliveira et al., 2008) . According to Domene et al. (1996) , 100 g of DRB contain approximately 6.25 to 6.9 g of phytic acid.
One nutritional strategy to increase the availability of nutrients in RB is the addition of exogenous enzymes individually or in groups, which are known as enzyme blends (EB). Enzymes aid digestion by hydrolyzing NSP chemical bonds, breaking cell wall fibers, supplying more energy, reducing viscosity, and breaking down proteins and phytic acid (Soto-Salanova et al., 1996) .
In this context, this study aimed at evaluating the effect of inclusion of an EB composed of several enzymes (phytase, protease, xylanase, beta-glucanase, cellulase, pectinase, fungal protease, and amylase) in regular or reduced-nutrient diets containing 10% DRB on the performance, diet metabolizability, P retention, and bone mineralization of broilers. , and during the grower phase (21 to 38 d), eight broilers were housed per cage measuring 0.77 m 2 . Two rearing phases were considered in diet formulation: starter, from d 1 to 21, and grower, from d 21 to 38. The diets were formulated using the nutritional levels recommended by the Tabelas Brasileiras de Aves e Suínos . Defatted rice bran was included at 10% in the diets of both periods (Table 1) .
MATERIAL AND METHODS
The study was performed according to a 3 x 2 factorial arrangement, consisting of three diets: a control diet and two diets with nutrient reductions (NR), and the inclusion or not of an EB derived from Aspergillus niger added at 200 g/t diet (Allzyme SSF®). The EB contained phytase, protease, xylanase, beta-glucanase, cellulase, pectinase, fungal protease, and amylase. Nutrient reductions were based on the manufacturer's information on the capability of the EB to supply dietary nutrients. The control diet consisted of a standard broiler diet. The NR I diet was formulated with less 75 kcal ME/ kg, 0.1% of Ca and 0.1% of available P; and the NR II diet was formulated less 100 kcal ME/kg, 0.1% of Ca and 0.1% of available P.
Individual broiler body weight (BW), feed intake (FI), BW gain (BWG), and gain:feed ratio (G:F) were determined for both starter and grower periods and for the total experimental period.
The coefficients of total tract apparent retention (CTTAR) were determined between d 14 to 17 and d 28 to 31 using total excreta collection method. The excreta were daily collected, weighed, and homogenized. Aliquots (10% of the total excreta) were stored at -16°C for subsequent analyses. After thawing, the excreta were added with HCI solution to avoid N losses and dried in an oven at 60°C for 72 h and then ground in a one-mm knife mill (Ribeiro et al., 2001) . Analyses were performed according to AOAC Official Methods of Analysis (1995) for dry matter (DM, method number 930.15), crude protein (CP, method number 976.05; according to Prates, 2007) , ash (method number 942.05), and gross energy (GE, bomb calorimeter, C2000 -IKA Werke GmbH & Co. KG, Staufen, Germany). The CTTAR of DM, CP, GE, and the apparent metabolizable energy (AME) content of the experimental diets were then calculated. The P content of the diets and the excreta were quantified by colorimetry (Tedesco et al., 1995) . Phosphorous retention was expressed in grams.
Birds with representative body weight of their cages were selected on d 21 and 38 and euthanized for the determination of bone mineralization of the tibiotarsus. The left tibiotarsus of 18 broilers per treatment (three/ replicate) was collected. Samples were dried in an oven at 105°C for 12 h and placed in a muffle at 550°C for 4 h (Yan et al. 2005) . Tibiotarsus ash content was expressed as percentage of DM.
Data were submitted to analysis of variance and means were compared by the LS Means test using the GLM procedure of SAS statistical package (SAS Inst. Inc., Cary, NC) according to a completely randomized design in a factorial arrangement. The pooled standard error of the mean (SEM) was calculated by averaging the SEM by the SAS GLM procedure for each parameter. Performance and CTTAR data were analyzed according to a 3 x 2 factorial and the statistical model included the effects of diet (standard, NR I, and NR II), EB (inclusion or not), and their interactions. Phosphorus retention and bone mineralization data were analyzed according to a 2 x 2 factorial arrangement including the effects of the dietary nutrient reduction (standard diet vs. NR I + NR II diets), EB (inclusion or not), and their interactions. The effects of the diets NR I and II were analyzed together because they contained equal P and Ca levels.
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RESULTS AND DISCUSSION
No interaction between diet and EB was observed for any of the performance responses ( Table 2 ). The addition of 200 g EB/t of feed did not affect broiler performance parameters. Cotta et al. (2002) , adding three levels (0.5, 1.0 and 1.5 g/kg diet) of an EB composed of α-amylase, protease and xylanase, and Strada (2004) , using an EB with these same components, did not detect any differences in broiler performance either. On the other hand, Cardoso et al. (2010) observed worse performance in broilers fed an exogenous amylase associated with an EB consisting of xylanase, β-glucanase, galactomannanase, and Manzke et al. (2010) added the same EB used in the present experiment applied "on top", i.e. not considering energy recovery supplied by EB, of diets based on corn and soybean meal, and did not observe any effect on performance parameters. The obtained results were expected because enzyme effects on performance are not usually observed when standard diets based on balanced and high digestible nutrients are fed. For example, Selle et al. (1999) fed a standard or a modified sorghum-based diet containing or not 600 FTU phytase/kg to 7-to 21-d-old broilers. The modified diets contained reduced specifications of P, Ca, protein, and energy. Phytase did not influence the performance of broilers fed the standard diets, but ADG (7.6%) and G:F (4.7%) increased when the modified diets were supplied. As expected, the broilers fed the standard diet presented better performance than those fed the NR diets. During the starter period, birds fed the standard diet showed higher BW gain and BW compared with the NR I group. The NR I diet resulted in the worst G:F, while NR II was intermediate (p > 0.05). This result has no obvious biological explanation and the NR diets presented similar analyzed GE (NR I: 4,094 kcal/kg and NR II: 4,103 kcal/kg). The birds fed the NR diets were not able to adjust their feed intake (p > 0.05) to compensate the reduced supply of energy.
According to Leeson et al. (1996) , broilers fed marginal NR diets tend to increase their feed intake as dietary energy is reduced. Despite the lack of statistical difference, the birds fed the RN diets showed a numerical increase in feed intake (p > 0.05). During the entire experimental period, broilers fed the standard diet presented better G:F (p ≤ 0.05) than those on NR II, whereas the G:F results of those supplied with the NR I diet were intermediate. Raber et al. (2009) also observed better G:F in broilers fed the higher energy diet compared with a standard diet.
There was no interaction of the evaluated factors on metabolic parameters (Table 3) . As previously observed with performance results, no metabolic differences were detected between broilers fed diets with or without EB, frustrating the expectation that the enzyme blend 3 NR I = diet with nutrient reduction I, reduction of 75 kcal ME/kg, 0.1% of Ca, and 0.1% of available P.
4 NR II = diet with nutrient reduction II, reduction of 100 kcal ME/kg, 0.1% of Ca, and 0.1% of available P.
5 BW = body weight.
6 BWG = body weight gain.
7 G:F = gain/feed ratio.
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would compensate the energy reductions applied to the nutritional matrix of the NR diets. An improvement in the energy value of the diet was expected because it is well known that in diets with cereal grains containing high NSP levels, such as DRB, carbohydrase supplementation improves energy utilization (Adeola & Cowieson, 2011) . This effect is achieved first by a reduction in digesta-viscosity, breaking the feedstuffs' physical barriers to allow the action of digestive enzymes, such as amylases and proteases, on their substrates (Choct, 2006) . However, dietary ME has to be considered because the effect of carbohydrase may be masked when dietary ME levels are high. Zhou et al. (2009) showed when the dietary ME level increased from 2,780 to 3,085 MJ/kg, the effect of carbohydrases was reduced. In the present experiment, AME increased from 2,978 kcal/kg in the NR diets to 3,193 kcal/kg in the standard diet, which values are higher than those reported in the study of Zhou et al. (2009) may provide an explanation for the lack of effect of the enzyme blend herein.
On the other hand, all metabolism responses were significantly influenced (p < 0.05) by the standard diet, NR I, and NR II. During both periods, only the CTTAR of CP of the NR I diet was similar to that obtained with the standard diet. The NR I diet resulted in the worst responses of all other evaluated parameters during both periods. The NR II diet promoted similar CTTAR of DM and GE to the standard diet and contained intermediate AME during the starter period. During both periods, NR II resulted in the lowest CTTAR of CP.
Contradictory results concerning the action of enzymes on metabolic responses were also observed by other researchers. Rizzoli (2009) and Pucci et al. (2003) did not find any beneficial effect of exogenous enzymes on CTTAR of DM or AME. On the other hand, Giacometti et al. (2002) observed an increase in dietary AME with the dietary addition of an EB composed of protease, xylanase, and phytase, compared with diets containing glucanase and xylanase or only xylanase (250 g/t), suggesting the possibility that a larger number of enzymes may improve nutrient digestibility. However, when 30% DRB was included in the diets, the best AME response was obtained with the diet containing only xylanase, justified by the greater presence of arabinoxylans in the feedstuffs. This positive effect of xylanase was also observed by Schoulten et al. (2003) , who evaluated diets with two DRB levels (10 or 20%) and four xylanase levels (0, 200, 400, or 600 g/t) and concluded that higher DRB dietary inclusion required higher xylanase suplementation.
The lack of effect of EB on metabolism results may be related with the inefficiency of EB products in making nutrients available, perhaps as a consequence of the substrate and the microorganism chosen for the process of solid-state fermentation to produce the enzymes. The EB used in the current study was produced by fungi of the genus Aspergillus using wheat bran as substrate. Silveira & Furlong (2007) Means in the same row with different superscripts differ (p ≤ 0.07).
1 There were 9 replicates/treatment.
2 Pooled SEM.
3 NR I = diet with nutrient reduction I, reduction of 75 kcal ME/kg, 0.1% of Ca, and 0.1% of available P. Table 4 show better nutrient utilization (p < 0.05) during the grower period compared with the starter period. The higher CTTAR of DM and GE can be interpreted as a consequence of the digestive system maturation of the broilers and their adaptation to the DRB. According Macari et al. (1994) , the absorption of fat by young birds is limited and the structure of the enterocytes is fully developed and the mechanisms of lipid digestion and absorption are effective only 2 to 3 weeks after hatch. Using various sources of fat, Whitehead & Fisher (1975) and Sell et al. (1986) also observed an increase in the digestibility of fat as birds aged. These results can be also associated with higher pancreatic lipase activity. Sakomura et al. (2004) tested broiler lipase activity weekly and observed a quadratic effect: the activity increased up until the 3 rd week and remained constant until the 6 th week of life. In that same study, the authors observed that trypsin activity linearly increased with age and the period of greatest development is between the first and the second week of life. In the present study, only CTTAR of CP showed no differences between the collection periods. There was no interaction between the evaluated factors for P retention (Table 5 ). In the starter period, birds receiving the standard diet retained more P (p < 0.001) than those fed the NR diets, whereas in the grower period this difference was not significant. As expected, the phytase present in the EB hydrolyzed the phytic phosphorus increasing its absorption (Nelson et al., 1971; Simons et al., 1990) as shown by the increase in 6.58% (p ≤ 0.07) and 8.55% of P retention (p < 0.05) during the starter and grower periods, respectively. Phosphorus excretion is reduced when phytase is added to poultry diets (Kornegay et al., 1997) . The results of the present study are consistent with the findings of Pessoa et al. (2010) , who fed broiler chickens from 20 to 25 d old with the same EB at the same dose and observed a 10.26% increase in the P retention. The reduced P excretion by broilers fed diets with enzyme supplementation is also beneficial for the environment, preventing water contamination (Selle et al., 2007) .
Effect of an Enzyme
Bone mineralization results (tibiotarsus ash as a percentage of DM) were not different on d 21, but on d 38, tibiotarsus ash content was approximately 2.45% higher in the group fed the EB than in the control group (p ≤ 0.06, Table 6 ). This result is consistent with P retention data. Conte et al. (2003) , feeding broilers with diets containing phytase and xylanase, 15% RB, and reduced levels of P, observed a linear increase in tibiotarsus ash as phytase supplementation levels increased. Ribeiro et al. (2003) also observed higher tibiotarsus ash content and breaking strength in broilers fed a diet with 10% RB supplemented with 280 FTU of phytase/kg compared with those not fed phytase.
It is interesting to note that different levels of RB with no enzyme supplementation may result in different bone mineralization responses. According to Gallinger et al. (2004) , broilers fed 10% RB showed no difference in tibiotarsus ash percentage compared with those fed a standard diet (corn-soybean meal), Means in the same row with different superscripts differ (p ≤ 0.07).
2 Pooled SEM. Means in the same row with different superscripts differ (p ≤ 0.06).
1 There were 9 replicates/treatment. Bone mineralization in the tibiotarsus is expressed as % of ash in the DM.
